(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(11) EP 0 789 334 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

13.08.1997 Bulletin 1997/33 

(21) Application number: 97400157.0 

(22) Date of filing: 23.01 .1997 



(51) lntCI.6; G07C 9/00 



(84) Designated Contracting States: 


(72) Inventors: 


ATDEFRGBIT 


• Salatino, Matthew M. 




Satellite Beach, Florida 32937 (US) 


(30) Priority: 26.01.1996 US 592472 


• Studebaker, S. James 


27.06.1996 US 671430 


Palm Bay, Florida 32905 (US) 


(71) Applicant: HARRIS CORPORATION 


(74) Representative: Ballot, Paul Denis Jacques et al 


Melbourne Florida 32919 (US) 


Cabinet Ballot-Schmit, 




7, rue Le Sueur 




75116 Paris (FR) 



(54) Integrated circuit device having an opening exposing the integrated circuit die and related 
methods 



(57) An integrated circuit device, including a finger- 
print sensing device, having an integrated circuit die, a 
body of encapsulating material surrounding the integrat- 
ed circuit die and having an opening therein exposing a 
portion of the integrated circuit die, and an electrically 
conductive member or frame being mounted to the body 
ot encapsulating material adjacent the opening. The 
electrically conductive member is adhesively secured to 



the integrated circuit die. Accordingly, the adhesive and 
electrically conductive member may serve as a seal to 
the interface between the body of encapsulating mate- 
rial and the die. It also may define a frame that surrounds 
a body of removable material during an intermediate 
stage in manufacturing. The body of removable material 
and its frame may be positioned on the integrated circuit 
die while plastic is injection molded to encapsulate the 
assembly. 
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Description 

The present invention relates to the field of semi- 
conductors, and in particular, to an integrated circuit de- 
vice and package therefor. 

Several applications may require that the outermost 
surface of an integrated circuit die be exposed to the 
environment, such as to be accessible for direct contact 
with a person or part of a person. For example, certain 
medical applications position a bare integrated circuit in- 
to the blood stream, such as to measure blood chemis- 
try. Fortunately, in such an application the circuit's oper- 
ational life is limited, and the circuit is used only once 
before being discarded. Accordingly, longterm reliability 
is not typically a significant issue. 

In contrast, a fingerprint sensor based upon an in- 
tegrated circuit array of sensing elements may require 
direct contact by the finger with the integrated circuit die. 
Fingerprint sensing and matching is a reliable and wide- 
ly used technique for personal identification or verifica- 
tion. 

A typical electronic fingerprint sensor is based upon 
illuminating the finger surface using visible light, infrared 
light, or ultrasonic radiation. The reflected energy is cap- 
tured with some form of camera, for example, and the 
resulting image is framed, digitized and stored as a stat- 
ic digital image. For example, the specification of U.S. 
Patent No. 4,210,899 discloses an optical scanning fin- 
gerprint reader cooperating with a central processing 
station for a secure access application, such as admit- 
ting a person to a location or providing access to a com- 
puter terminal. The specification of U.S. Patent No. 
4,525,859 discloses a video camera for capturing a fin- 
gerprint image and uses the minutiae of the fingerprints, 
that is, the branches and endings of the fingerprint ridg- 
es, to determine a match with a database of reference 
fingerprints. 

The specification of U.S. Patent No. 4,353,056 dis- 
closes another approach to sensing a live fingerprint. 

The specification of U.S. Patent No. 5,325,442 dis- 
closes a fingerprint sensor including a plurality of sens- 
ing electrodes. 

Greater advances in fingerprint sensing and match- 
ing for identification and verification are desirable to al- 
low unauthorized use of computer workstations, appli- 
ances, vehicles, and confidential data. 

An object of the invention is to provide an integrated 
circuit device and related methods permitting direct con- 
tact of the integrated circuit die by the sensed medium, 
such as the finger of a user, to provide a reliable envi- 
ronmental seal for the die. 

Another object is to provide such an integrated cir- 
cuit device and related methods which facilitate large 
scale and relatively low cost manufacturing. 

The present invention includes an integrated circuit 
device comprising: 

an integrated circuit die; 



a body of encapsulating material surrounding said 
integrated circuit die and having an opening therein 
exposing a portion of said integrated circuit die; and 
a frame member being mounted to said body en- 
capsulating material adjacent the opening therein. 

The invention also includes a method for making an 
integrated circuit device comprising the steps of: 

providing an integrated circuit die; 
positioning a body of removable material on the in- 
tegrated circuit die; 

forming a body of encapsulating material around 
the integrated circuit die and the body of removable 
material; and 

removing the body of removable material to define 
an opening through the body of encapsulating ma- 
terial to expose a portion of the integrated circuit die. 

Advantageously, the electrically conductive mem- 
ber may be adhesively secured to the integrated circuit 
die. Accordingly, the electrically conductive member, 
and adhesive may serve to seal the interface between 
the body of encapsulating material and the die. The 
electrically conductive member may define a frame that 
surrounds a body of removable material during an inter- 
mediate stage in manufacturing. More particularly, the 
body of removable material and its frame may be posi- 
tioned on the integrated circuit die while plastic is injec- 
tion molded to encapsulate the assembly. The body of 
removable material may then be removed thereby form- 
ing the opening in the body of encapsulating material 
and leaving the electrically conductive frame secured to 
the surrounding body of encapsulating material. In this 
embodiment, the electrically conductive member de- 
fines a frame during manufacturing and facilitates for- 
mation of the opening to expose the adjacent portion of 
the integrated circuit die. The electrically conductive 
member may also be part of the circuitry of the integrat- 
ed circuit device. 

The integrated circuit device may preferably include 
interconnection means for electrically connecting the 
electrically conductive member to the integrated circuit 
die. For example, the interconnection means may in- 
clude an electrically conductive adhesive between the 
electrically conductive member and the integrated cir- 
cuit die, and at least one conductor filled via in the inte- 
grated circuit die. 

Conveniently, for a fingerprint sensing embodiment 
of the invention, the integrated circuit die may comprise 
an electric field fingerprint sensor. More particularly, the 
electric field fingerprint sensor may preferably comprise 
an array of electric field sensing electrodes, a dielectric 
layer adjacent the electric field sensing electrodes, and 
drive means for applying an electric field drive signal to 
the electric field sensing electrodes and adjacent por- 
tions of the finger so that the electric field sensing elec- 
trodes produce a fingerprint image signal. Accordingly, 
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the electrically conductive member may serve as an 
electrode for the fingerprint sensing portion. 

Another aspect of the present invention is based up- 
on the user contacting the integrated circuit device, such 
as to sense a fingerprint. Since the electrically conduc- 5 
tive member is contacted by the finger of the user, volt- 
age clamping means is preferably operatively connect- 
ed to the electrically conductive member for clamping a 
voltage thereof to remove electrostatic buildup to there- 
by protect the integrated circuit device from electrostatic 
discharge damage and/or to protect the user from elec- 
trical shock when contacting the integrated circuit de- 
vice. 

Specifically, the integrated circuit die preferably fur- 
ther comprises a plurality of bond pads. Accordingly, the 
body of encapsulating material preferably covers the 
plurality of bond pads. In addition, bond pad sealing 
means may be provided for protecting the plurality of 
bond pads from corrosion. Each of the bond pads may 
comprise a first metal layer, such as comprising alumi- 
num. Accordingly, the bond pad sealing means may 
comprise a barrier metal layer on the first metal layer. 
The bond pad sealing means may further comprises a 
layer of gold on the barrier metal layer. The bond pad 
sealing means may be used with the electrically con- 
ductive member providing a frame and sealing the in- 
terface with the die. Alternatively, in some embodiments 
the bond pad sealing means may be used without the 
electrically conductive member or frame member. 

Suitably, the body of encapsulating material prefer- 
ably comprises injection molded plastic. Locking means 
is preferably defined at an interface between the elec- 
trically conductive member or frame member and the 
body of encapsulating material for forming a mechanical 
lock therebetween. Corrosion sensing means may be 
associated with the integrated circuit die to provide a 
further backup to ensure reliability such as by indicating 
the integrated circuit's feasible end of life. The integrat- 
ed circuit device may also comprise a lead frame con- 
nected to the integrated circuit die. In addition, the elec- 
trically conductive member may comprise a metal, such 
as gold, for example. The integrated circuit die prefera- 
bly comprises a robust outermost passivating layer of at 
least one of a nitride, carbide, or diamond, for example. 

Another aspect of the invention is that the integrated 
circuit die may comprise a relatively rigid substrate, such 
as a silicon substrate, and a plurality of metal layers on 
the substrate. The metal layers are preferably relatively 
thin and relatively rigid to provide additional strength to 
the integrated circuit die, since the die is typically 
touched by the user. Preferably each of the plurality of 
metal layers comprises a refractory metal, such as tung- 
sten, molybdenum, or titanium. Considered another 
way, according to this aspect of the invention each of 
the plurality of metal layers is preferably devoid of rela- 
tively soft aluminum. 

Preferably, a method is for making an integrated cir- 
cuit device. The method preferably comprises the steps 



of: providing an integrated circuit die; positioning a body 
of removable material on the integrated circuit die; form- 
ing a body of encapsulating material around the inte- 
grated circuit die and the body of removable material; 
and removing the body of removable material to define 
an opening through the body of encapsulating material 
to expose a portion of the integrated circuit die. The in- 
tegrated circuit die may be a sensor, such as a finger- 
print sensor, or other integrated circuit device. 

The method may further comprise the step of se- 
curing a frame member to the body of removable mate- 
rial. The frame member may comprise an electrically 
conductive material. In addition, the step of removing 
the body of removable material preferably includes re- 
moving same while the frame member remains in place 
with the body of encapsulating material. The step of po- 
sitioning the body of removable material preferably in- 
cludes the step of adhesively securing the frame mem- 
ber to the integrated circuit die. The step of forming the 
body of encapsulating material may include injection 
molding plastic around the body of removable material 
and the integrated circuit die. In addition, the body of 
removable material may preferably be a body of material 
soluble in liquid, and wherein the step of removing pref- 
erably includes exposing the body of material to the liq- 
uid solvent. 

Another method aspect of the invention is for mak- 
ing an integrated circuit device comprising the steps of: 
providing an integrated circuit die; positioning a mold 
having a body and a protrusion extending outwardly 
therefrom on the integrated circuit die so that the pro- 
trusion contacts a portion of the integrated circuit die; 
and positioning encapsulating material within the mold 
and surrounding the integrated circuit die. The method 
also preferably includes the step of removing the mold 
including the protrusion to define an opening through the 
body of encapsulating material to thereby expose a por- 
tion of the integrated circuit die. 

The invention will now be described, by way of ex- 
ample, with reference to the accompanying drawings in 
which: 

FIG. 1 is a schematic diagram of an integrated cir- 
cuit fingerprint sensor in combination with a note- 
book computer; 

FIG. 2 is a schematic diagram of an integrated cir- 
cuit fingerprint sensor in combination with a compu- 
ter workstation and associated information 
processing computer and local area network (LAN); 
FIG. 3 is a schematic perspective view of an em- 
bodiment of an integrated circuit fingerprint sensor; 
FIG. 4 is a schematic plan view of a portion of the 
integrated circuit fingerprint sensor and an overly- 
ing fingerprint pattern with a portion thereof greatly 
enlarged; 

FIG. 5 is a greatly enlarged plan view of a portion 
of the integrated circuit fingerprint sensor with the 
upper dielectric layer removed therefrom; 
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FIG. 6 is a schematic perspective view of a portion 
of the integrated circuit fingerprint sensor; 
FIG. 7 is a schematic fragmentary view of a portion 
of the integrated fingerprint sensor; 
FIG. 8 is a schematic side view, partially in section, s 
illustrating the electric fields; 
FIG. 9 is a schematic circuit diagram of a portion of 
the integrated fingerprint sensor; 
FIG. 10 is an enlarged schematic side view, partially 
in section, further illustrating the electric fields; 
FIG. 1 1 is a slightly enlarged schematic cross-sec- 
tional view taken along lines 11-11 of FIG. 3. 
FIG. 12 is a greatly enlarged schematic cross-sec- 
tional view of a portion of an alternate embodiment 
of an integrated circuit device; 
FIG. 1 3 is a greatly enlarged schematic cross-sec- 
tional view of a contact pad portion in an embodi- 
ment of the integrated circuit device; 
FIG. 14 is a greatly enlarged schematic cross-sec- 
tional view of a portion of an alternate embodiment 
of an integrated circuit device; 
FIG. 1 5 is a plan view of an integrated circuit finger- 
print sensing device incorporated into a carrying 
card; 

FIGS. 16-1 8 are schematic cross-sectional views of 
the integrated circuit device during manufacturing; 
FIGS. 19 and 20 are schematic cross-sectional 
views of the integrated circuit device during another 
manufacturing process. 

FIGS. 1-3 illustrate an integrated circuit fingerprint 
sensor 30 in accordance with the invention is initially de- 
scribed. The illustrated fingerprint sensor 30 includes a 
housing or package 51 , a dielectric layer 52 exposed on 
an upper surface of the package which provides a place- 
ment surface for the finger, and a plurality of signal con- 
ductors or leads 53. A conductive strip or electrode 54 
around the periphery of the dielectric layer 52 may also 
provide a contact electrode for the finger as described 
in greater detail below. The sensor 30 may provide out- 
put signals in a range of sophistication levels depending 
on the level of processing incorporated in the package 
as also described in greater detail below. 

The sensor 30 may be used to permit access to a 
computer workstation, such as a notebook computer 35 
including a keyboard 36 and associated folding display 
screen 37 (FIG. 1). In other words, user access to the 
information and programs of the notebook computer 35 
may only be granted if the desired or previously enrolled 
fingerprint is first sensed. 

The sensor 30 may be used to grant or deny access 
to a fixed workstation 41 for a computer information sys- 
tem 40. The system may include a plurality of such work- 
stations 41 linked by a local area network (LAN) 43, 
which in turn, is linked to a fingerprint identification serv- 
er 43, and an overall central computer 44. 

FIGS. 4-10 refer to the fingerprint sensor 30. The 
fingerprint sensor 30 includes a plurality of individual 
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pixels or sensing elements 30a arranged in array pattern 
as shown perhaps best in FIGS. 4 and 5. As would be 
readily understood by those skilled in the art, these 
sensing elements are relatively small so as to be capa- 
ble of sensing the ridges 59 and intervening valleys 60 
of a typical fingerprint (FIG. 4). As will also be readily 
appreciated by those skilled in the art, live fingerprint 
readings as from the electric field sensor 30 in accord- 
ance with the present invention may be more reliable 
than optical sensing, because the conduction of the skin 
of a finger in a pattern of ridges and valleys is extremely 
difficult to simulate with a fingerprint image on a sub- 
strate or even with a three-dimensional model of a fin- 
gerprint, for example. 

The fingerprint sensor 30 includes a substrate 65, 
and one or more active semiconductive layers 66 ther- 
eon. In the illustrated embodiment a ground plane elec- 
trode layer 68 is above the active layer 66 and separated 
therefrom by an insulating layer 67. A drive electrode 
layer 71 is positioned over another dielectric layer 70 
and is connected to an excitation drive amplifier 74. The 
excitation drive signal may be typically in the range of 
about 1 Khz to 1 Mhz and is coherently delivered across 
all of the array. Accordingly, the drive or excitation elec- 
tronics are thus relatively uncomplicated and the overall 
cost of the sensor 30 may be reduced, while the relia- 
bility is increased. 

Another insulating layer 76 is on the drive electrode 
layer 71, and an illustratively circularly shaped sensing 
electrode 78 is on the insulating layer 76. The sensing 
electrode 78 may be connected to sensing electronics 
73 formed in the active layer 66 as schematically illus- 
trated, and as would be readily appreciated by those 
skilled in the art. 

An annularly shaped shield electrode 80 surrounds 
the sensing electrode 78 in spaced relation therefrom. 
As would be readily appreciated by those skilled in the 
art the sensing electrode 78 and its surrounding shield 
electrode 80 may have other shapes, such as hexago- 
nal, for example, to facilitate a close packed arrange- 
ment or array of pixels or sensing elements 30a. The 
shield electrode 80 is an active shield which is driven by 
a portion of the output of the amplifier circuit 73 to help 
focus the electric field energy and, moreover, to thereby 
reduce the need to drive adjacent electrodes. Accord- 
ingly, the sensor b permits all of the sensing elements 
to be driven by a coherent drive signal in sharp contrast 
to prior art sensors which required that each sensing 
electrode be individually driven. 

As understood with additional reference to FIGS. 
8-10, the excitation electrode 71 generates a first elec- 
tric field to the sensing electrode 78 and a second elec- 
tric field between the sensing electrode 78 and the sur- 
face of the finger 79, over the distances d1 and d2, re- 
spectively. In other terms, a first capacitor 83 (FIG. 9) is 
defined between the excitation electrode 71 and the 
sensing electrode 78, and a second capacitor 85 is de- 
fined between the finger skin 79 and ground. The ca- 
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pacitance of the second capacitor 85 varies depending 
on whether the sensing electrode 78 is adjacent a fin- 
gerprint ridge or valley. Accordingly, the sensor 30 can 
be modeled as a capacitive voltage divider. The voltage 
sensed by the unity gain voltage follower or amplifier 73 s 
will change as the distance d2 changes. 

In general, the sensing elements 30a operate at 
very low currents and at very high impedances. For ex- 
ample, the output signal from each sensing electrode 
78 is desirably about 5 to 10 millivolts to reduce the ef- 
fects of noise and permit further processing of the sig- 
nals. The approximate diameter of each sensing ele- 
ment 30a, as defined by the outer dimensions of the 
shield electrode 80, may be about 0.002 to 0.005 inches 
in diameter. The excitation dielectric layer 76 and sur- 
face dielectric layer 52 may desirably have a thickness 
in the range of about 1 um The ground plane electrode 
68 shields the active electronic devices from the excita- 
tion electrode 71 . A relatively thick dielectric layer 67 will 
reduce the capacitance between these two structures 
and thereby reduce the current needed to drive the ex- 
citation electrode. The various signal feedthrough con- 
ductors for the electrodes 78, 80 to the active electronic 
circuitry may be readily formed as would be understood 
by those skilled in the art. 

The overall contact or sensing surface for the sen- 
sor 30 may desirably be about 0.5 by 0.5 inches - a size 
which may be readily manufactured and still provide a 
sufficiently large surface for accurate fingerprint sensing 
and identification. The sensor 30 in accordance with the 
invention is also fairly tolerant of dead pixels or sensing 
elements 30a. A typical sensor 30 includes an array of 
about 256 by 256 pixels or sensor elements, although 
other array sizes are also contemplated by the present 
invention. The sensor 30 may also be fabricated at one 
time using primarily conventional semiconductor manu- 
facturing techniques to thereby significantly reduce the 
manufacturing costs. 

Turning now additionally to FIG. 11 the packaging 
of the fingerprint sensor 30 is further described. As 
would be readily understood by those skilled in the art, 
an integrated circuit fingerprint sensor presents a spe- 
cial packaging difficulty since it has to be touched by the 
finger being scanned or sensed. It is typically desired to 
avoid touching of an integrated circuit in conventional 
integrated circuit fabrication, in part, because of poten- 
tial contamination. The main contaminants of concern 
may be sodium and the other alkaline metals. These ion- 
ic contaminants have very high mobility in the Si0 2 lay- 
ers that are typically used to passivate the integrated 
circuit. The resulting oxide charge may degrade device 
characteristics especially in MOS technology. 

One conventional approach to controlling mobile 
ionic contamination uses hermetic packaging with a 
phosphorus-doped passivation layer over the integrated 
circuit. The phosphorus doping reduces contaminant 
mobility by trapping mechanisms as would be readily 
understood by those skilled in the art. Plastic packaging 



has now become more widespread, and a silicon nitride 
or silicon carbide passivation layer may be used with the 
plastic packaging. Silicon nitride or silicon carbide may 
greatly reduce the permeability to contaminants to per- 
mit direct contact between the finger of the user and the 
integrated circuit. Accordingly, silicon nitride or silicon 
carbide may preferably be used as an outermost passi- 
vation layer of the fingerprint sensor 30 in accordance 
with an embodiment of the present invention. 

An integrated circuit device, such as the fingerprint 
sensor 30, also raises several unique packaging re- 
quirements including: the package needs to be open to 
enable finger-to-sensor die contact; the package should 
be physically strong in order to withstand rough use; the 
package and die should be able to withstand repeated 
cleaning with detergent and/or disinfectant solutions, 
and including scrubbing; the die should be able to with- 
stand contact with a wide variety of organic and inorgan- 
ic contaminants, and should be able to withstand abra- 
sion; and finally the package should be relatively inex- 
pensive. 

The illustrated package 51 addresses these pack- 
aging issues. The package 51 includes an integrated cir- 
cuit die 91 mounted on a lead frame 93 during injection 
molding to form the body 94 of encapsulating material 
of the package. Connections are made by bond wires 
97 and the lead frame 93 to the outwardly extending 
leads 53. The upper surface of the package 51 includes 
an integrally molded opening 98 which direct permits 
contact to the die 91. More particularly, the opening 98 
is defined in the illustrated embodiment by a frame 
member or electrically conductive member which 
serves as an electrode 54. The electrode 54 is illustra- 
tively connected to the underlying portion of the die 91 
by an electrically conductive adhesive 95 which pro- 
vides advantages in manufacturing of the sensor 30 as 
explained in greater detail below. 

The inner exposed sides of the electrode 54 may 
be slightly angled. The frame member or electrode 54 
is mechanically held in position within the body 94 of 
surrounding encapsulating material by an interlocking 
fit between a tongue of plastic material and a corre- 
sponding groove in the electrode. Of course, those of 
skill in the art will recognize other arrangements of in- 
terlocking means at the interface between the body 94 
and the electrode 54. 

The electrode 54 may be advantageously intercon- 
nected to circuitry within the integrated circuit die 91. In 
particular with reference additionally to FIG. 12, a con- 
ductor filled via 104 may be used to connect to the elec- 
trode 54'. As also shown in FIG. 12, an alternate me- 
chanical locking arrangement is illustrated at the inter- 
face between the body 94' of encapsulating material and 
the electrode 54\ The illustrated electrode 54* has an 
L-shaped cross-section and those of skill in the art will 
readily appreciate that other cross-sectional shapes are 
possible and are contemplated by the present invention. 

In addition, FIG. 12 illustrates an embodiment of the 
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invention wherein the electrode 94" is set back from the 
opening 98'. More particularly, a strut 105 may be used 
to hold a body of removable material to form the opening 
during molding as described in greater detail below. In 
other words, one or more struts 105 may define a space s 
between the frame member or electrode 54' and the 
body of removable material during molding. According- 
ly, an inner portion of plastic 94a is formed interior of the 
electrode 54' during injection molding. 

FIG. 12 relates to clamping a voltage at the elec- 
trode 54\ More particularly, an electrostatic voltage on 
the user's finger, if not properly dissipated, may damage 
components of the integrated circuit die 91 ' as would be 
readily understood by those skilled in the art. In addition, 
a voltage imparted to the electrode 54' from the drive 
circuitry 109 should desirably not exceed a predeter- 
mined level to avoid accidental shocking of the user. Ac- 
cordingly, the invention advantageously includes the il- 
lustrated voltage clamping circuit 108 provided by the 
illustrated pair of zener diodes 111 and resistor 112. In 
certain embodiments of the fingerprint sensor or other 
integrated circuit devices a ground electrode may not 
be necessary, as the body may serve as a large capac- 
itor itself for the fingerprint sensor. However, the illus- 
trated electrode 54' may still advantageously provide a 
conductor for contacting the finger to dissipate static dis- 
charge in cooperation with the clamping circuit 109. As 
discussed elsewhere herein, in yet other embodiments 
of the invention, the electrode 54 may not be needed in 
the final integrated circuit device. 

Referring now additionally to FIG. 13 another as- 
pect of the invention is explained. Additional bonding 
pad protection may be provided in certain embodiments 
of the invention. In the illustrated structure, a bonding 
pad 1 20 of aluminum, for example, is formed on an outer 
surface of the die. A first passivating layer 1 22 is formed 
over the upper die surface and covering edge portions 
of the bond pad 120. A second and preferably thicker 
passivating layer 123 is applied over the first passivating 
layer 122. A barrier metal layer 124 is formed on the 
opening in the second layer 123 and contacts the un- 
derlying aluminum bond pad 120. The barrier metal may 
be an alloy comprising regions of titanium/tungsten; ti- 
tanium/tungsten nitride; and titanium/tungsten to protect 
the underlying relatively corrosion susceptible alumi- 
num. A gold layer 126 may be formed over the barrier 
metal layer 124, and a bond wire 97" connected thereto 
as would be readily appreciated by those skilled in the 
art. Those of skill in the art will also readily appreciate 
other similar structures for protecting the susceptible 
bond pads 120 from corrosion or degradation as when 
exposed to water or other contaminants. 

The outer passivation layer 123 may comprise sili- 
con nitride for the reasons highlighted above. In addi- 
tion, another protective coating comprising an organic 
material, such as polyimide or PTFE (Teflon™) may be 
provided which yields advantages in wear resistance 
and physical protection. Inorganic coatings, such as sil- 



icon carbide or amorphous diamond, may also be used 
for the outer layer 123 and may greatly enhance wear 
resistance, especially to abrasive particles. In addition, 
the material of the outer passivation layer 123 is prefer- 
ably compatible with standard integrated circuit pattern 
definition methods in order to enable bond pad etching, 
for example. 

Reference to FIG. 13 the integrated circuit die 91" 
may include a plurality of metal layers 131 and interven- 
ing dielectric layers 130 supported on a relatively rigid 
silicon substrate 1 32. Conventional annealed aluminum 
is typically relatively soft and is deposited with a rela- 
tively large thickness. The metal layers 1 31 may be pro- 
vided by a refractory metal or alloys thereof which may 
be relatively thin and which are relatively rigid. For ex- 
ample, the refractory metal may include tungsten, mo- 
lybdenum, titanium or alloys thereof. Other refractory 
metals, and other non-refractory metals may also be 
used as long as they are relatively rigid and may be 
formed in a relatively thin layer. For example, for CVD 
tungsten the thickness is preferably more than about 0.1 
^m and preferably less than about 1 .0 Jim. Considered 
another way, the metal layers are preferably devoid of 
aluminum. Thus, the integrated circuit die 91" is more 
robust to resist damage as may be caused by direct 
physical contact with a finger of the user, for example. 

Those of skill in the art will readily appreciate that 
the bond pad sealing means disclosed herein and as 
illustrated in FIG. 13 may be advantageously used in 
combination with the interface sealing provided by the 
adhesively secured electrode 54. The bond pad sealing 
means may also be used by itself in certain embodi- 
ments, such as shown in FIG. 14 wherein no electrode 
remains adjacent the opening 98" for either the full ex- 
tent of the interface or only a part thereof. As also illus- 
trated in FIG. 14, corrosion sensing means 135 may be 
provided to enable control logic on the integrated circuit 
die 91 or remote therefrom to detect corrosion, before 
failure of the bond pads or other portions of the encap- 
sulated device. The corrosion sensing means 135 may 
be provided by a resistance network which is periodical- 
ly monitored for a change in value as would be readily 
understood by those skilled in the art. 

Another variation of the fingerprint sensor 30"' is 
illustrated in FIG. 15 wherein the integrated circuit die 
is encapsulated within plastic material defining a card 
139 for carrying by the user. The illustrated sensor 3Q a * 
includes only a single electrode portion 54" extending 
along only a portion of the generally rectangular open- 
ing. In other embodiments as discussed above, the elec- 
trode or frame member may define a closed geometric 
shape, such as a rectangle. The card 139 may include 
the illustrated magnetic stripe 138 for carrying data, for 
example, and which operates in conjunction with the fin- 
gerprint sensor 30" " as would also be readily under- 
stood by those skilled in the art. The card 139 may also 
carry one or more other integrated circuit dies to enable 
data processing and storage. 
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The method aspects of the invention are now ex- 
plained with reference to FIGS. 16-18. As shown in FIG. 
16, an assembly 150 including the electrode 54, a body 
151 of removable material, and an adhesive layer 95 on 
the underside of the electrode is aligned over and posi- 
tioned onto the integrated circuit die 91 which, in turn, 
has been secured and connected to the lead frame 93. 
The thus formed structure is positioned within a conven- 
tional integrated circuit package injection mold 160 
(FIG. 17) and the body 94 of encapsulating plastic ma- 
terial is formed. As shown in FIG. 18, after removal from 
the injection mold 160, the structure is positioned in a 
bath 165 

containing a liquid solvent 166, such as water, for ex- 
ample, so that the body of removable material is dis- 
solved away leaving the opening 98 to the underlying 
portion of the integrated circuit die 91. In addition, a sol- 
vent spray may be used to dissolve the removable ma- 
terial. 

Turning now to FIGS. 19 and 20 another method in 
accordance with the invention for making the integrated 
circuit device 30'" (FIG. 14) is now described. In this em- 
bodiment, an upper mold portion 171 includes a body 
173 and a protrusion 172 extending downwardly there- 
from. The upper mold portion 171 is brought together 
with the lower mold portion 174, and plastic encapsulat- 
ing material 94"' is injected into thus defined mold cavity 
as shown in FIG. 20. The protrusion 172 may be hollow 
rather than solid. The other elements are indicated with 
a triple prime. 

Provisions may be made to ensure biasing of the 
protrusion 172 against the integrated circuit die 91 dur- 
ing injection molding as would also be readily under- 
stood by those skilled in the art. The upper and lower 
mold portions may be parted to free the integrated circuit 
device 30 n \ 

The invention is particularly applicable to a finger- 
print sensor 30 wherein direct contact with the finger of 
the user is performed. The invention may also be used 
for other sensors, such as gas or liquid sensors, wherein 
direct exposure of the integrated circuit die to the sensed 
medium is desirable and wherein other portions of the 
die are desirably protected from such exposure. 

The various embodiments of the fingerprint sensor 
30 and its associated processing circuitry may imple- 
ment any of a number of conventional fingerprint match- 
ing algorithms. 

Fingerprint minutiae, that is, the branches or bifur- 
cations and end points of the fingerprint ridges, are often 
used to determine a match between a sample print and 
a reference print database. Such minutiae matching 
may be readily implemented by the processing circuitry. 
The specification of U.S. Patent Nos. 3,859,633 and 
3,893,080 are directed to fingerprint identification based 
upon fingerprint minutiae matching. The specification of 
U.S. Patent No. 4,151,512 describes a fingerprint clas- 
sification method using extracted ridge contour data. 
The specification of U.S. Patent No. 4,185,270 disclos- 



es a process for encoding and verification also based 
upon minutiae. The specification of U.S. Patent No. 
5,040,224 discloses an approach to preprocessing fin- 
gerprints to correctly determine a position of the core of 
5 each fingerprint image for later matching by minutiae 
patterns. 

An integrated circuit device, including a fingerprint 
sensing device, having an integrated circuit die, a body 
of encapsulating material surrounding the integrated cir- 
10 cuit die and having an opening therein exposing a por- 
tion of the integrated circuit die, and an electrically con- 
ductive member or frame being mounted to the body of 
encapsulating material adjacent the opening. The elec- 
trically conductive member is adhesively secured to the 
is integrated circuit die. Accordingly, the adhesive and 
electrically conductive member may serve as a seal to 
the interface between the body of encapsulating mate- 
rial and the die. It also may define a frame that surrounds 
a body of removable material during an intermediate 
20 stage in manufacturing. The body of removable material 
and its frame may be positioned on the integrated circuit 
die while plastic is injection molded to encapsulate the 
assembly 



1 . An integrated circuit device comprising: 

30 an integrated circuit die; 

a body of encapsulating material surrounding 
said integrated circuit die and having an open- 
ing therein exposing a portion of said integrated 
circuit die; and 

35 a frame member being mounted to said body 

encapsulating material adjacent the opening 
therein. 

2. An integrated circuit device as claimed in Claim 1 
40 wherein the portion of said integrated circuit die ex- 
posed through the opening in said body of encap- 
sulating material comprises a sensor portion, con- 
stituted by a fingerprint sensor. 

45 3. An integrated circuit device as claimed in Claims 1 
or 2 wherein said frame member is positioned so as 
to define at least a portion of the opening in said 
body of encapsulating material, preferably said 
frame member has a closed geometric shape, is 

50 electrically conductive; with interconnection means 
for electrically connecting said frame member to 
said integrated circuit die, and includes voltage 
clamping means operatively connected to said 
frame member for clamping a voltage thereof. 

55 

4. An integrated circuit device as claimed in any one 
of claims 1 to 3 wherein said integrated circuit die 
further comprises a plurality of bond pads, compris- 
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ing bond pad sealing means for protecting said plu- 
rality of bond pads form corrosion, in which said in- 
tegrated circuit die comprises: 

a relatively rigid substrate; and s 
a plurality of metal layers on said substrate and 
being relatively thin and relatively rigid to pro- 
vide strength to said integrated circuit die, with 
an adhesive layer between said integrated cir- 
cuit die and said frame member, and locking 10 
means defined at an interface between said 
frame member and said body of encapsulating 
material for forming a mechanical lock therebe- 
tween. 

15 

5. An integrated circuit device as claimed in any one 
of claims 1 to 4 wherein each of said bond pads 
comprising a first layer of a metal subject to corro- 
sion: 

20 

a body of encapsulating material surrounding 
said integrated circuit die and having an open- 
ing therein exposing a portion of said integrated 
circuit die and covering the plurality of bond 
pads; 25 
bond pad sealing means for protecting said plu- 
rality of bond pads from corrosion, with the por- 
tion of said integrated circuit die exposed 
through the opening in said body of encapsu- 
lating material comprises the sensor portion, 30 
constituted by the fingerprint sensor. 

6. An integrated circuit device as claimed in Claim 5 
wherein said bond pad sealing means comprises a 
barrier metal layer on said first layer, preferably said 35 
barrier metal layer comprises a refractory metal, in- 
cluding in said bond pad sealing means a passivat- 

ing layer covering edge portions of said first layer, 
which preferably is silicon nitride. 

40 

7. An integrated circuit device as claimed in any one 
of Claims 1 to 6 wherein said bond pad sealing 
means further comprises a layer of gold on said bar- 
rier metal layer, and said voltage clamping means 
operatively for reducing an electrostatic charge of a 45 
user upon the user touching said electrically con- 
ductive member. 

8. An integrated circuit device as claimed in Claim 7 
wherein the integrated circuit die comprising a rel- so 
atively rigid substrate and a plurality of metal layers 

on said substrate, each of said metal layers being 
relatively thin and relatively rigid to provide strength 
to said integrated circuit die and having an opening 
therein exposing a portion of said integrated circuit 55 
die, in which the portion of said integrated circuit die 
exposed through the opening in said body of encap- 
sulating material comprises the sensor portion, and 



each of said plurality of metal layers comprises a 
refractory metal, selected from at least one of tung- 
sten, molybdenum, and titanium, and each of said 
plurality of metal layers is devoid of aluminum. 

9. A method for making an integrated circuit device 
comprising the steps of: 

providing an integrated circuit die; 
positioning a body of removable material on the 
integrated circuit die; 

forming a body of encapsulating material 
around the integrated circuit die and the body 
of removable material; and 
removing the body of removable material to de- 
fine an opening through the body of encapsu- 
lating material to expose a portion of the inte- 
grated circuit die. 

1 0. A method as claimed in Claim 9 wherein the step of 
providing the integrated circuit die comprises pro- 
viding the integrated circuit die comprising a sensor 
portion to be exposed through the opening in the 
body of encapsulating material, the sensor portion 
being a fingerprint sensor portion to be exposed 
through the opening in the body encapsulating ma- 
terial. 

1 1 . A method as claimed in Claims 9 or 1 0 including the 
step of securing a frame member to the body of re- 
movable material; and the step of removing the 
body of removable material comprises removing 
same while the frame member remains in place with 
the body of encapsulating material, with the step of 
positioning the body of removable material compris- 
ing the step of adhesively securing the frame mem- 
ber to the integrated circuit die, and the step of se- 
curing the frame member comprises the step of se- 
curing the frame completely around a periphery of 
the body of removable material, including the step 
of forming the body of encapsulating material com- 
prises injection molding plastic around the body of 
removable material and the integrated circuit die, 
and the step of providing the body of material solu- 
ble in liquid; and the step of removing comprising 
exposing the body of material soluble in liquid to liq- 
uid. 

1 2. A method as claimed in Claims 9, 1 0, or 1 1 including 
the steps of securing an electrically conductive 
member to the body of removable material; posi- 
tioning the body of removable material and electri- 
cally conductive member on the integrated circuit 
die; 

forming the body of encapsulating material 
around the integrated circuit die, and the body 
of removable material and electrically conduc- 
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tive member; and 

removing the body of removable material to de- 
fine an opening through the body of encapsu- 
lating material to expose a portion of the inte- 
grated circuit die and while the electrically con- 
ductive member remains in place with the body 
of encapsulating material, and providing the in- 
tegrated circuit die comprising the sensor por- 
tion constituted by the fingerprint sensor to be 
exposed through the opening in the body of en- 
capsulating material. 

13. A fingerprint sensing device comprising: 



ing means operatively connected to said elec- 
trically conductive member for clamping a volt- 
age thereof, and electrostatic discharge means 
for reducing an electrostatic charge of a user 
5 as the finger of the user touches said electrical- 

ly conductive member. 

1 6. A fingerprint sensing device as claimed in Claim 1 5 
including a lead frame connected to said integrated 
10 circuit die, with said outermost passivating layer 
comprising at least one of a nitride, carbide, and dia- 
mond. 



an integrated circuit die comprising a fingerprint is 
sensing portion for contact by a finger of a user: 
a body of encapsulating material surrounding 
said integrated circuit die and having an open- 
ing therein exposing the fingerprint sensing 
portion of said integrated circuit die; and 20 
an electrically conductive member being 
mounted to said body of encapsulating material 
adjacent to the opening therein, in which said 
electrically conductive member is positioned so 
as to define at least a portion of a frame for the 25 
opening in said body of encapsulating material, 
with said electrically conductive member hav- 
ing a closed geometric shape, preferably a rec- 
tangular shape, and including interconnection 
means for electrically connecting said electri- 30 
cally conductive member to said integrated cir- 
cuit die. 



1 4. A fingerprint sensing device as claimed in Claim 1 3 
wherein said interconnection means comprises: 35 

an electrically conductive adhesive between 
said electrically conductive member and said 
integrated circuit die; 

at least one via in said integrated circuit die: and 40 
electrically conductive material in said at least 
one via. 



15. A fingerprint sensing device as claimed in Claims 
13 or 14 wherein said fingerprint sensing portion 45 
comprises an electric field fingerprint sensor, in 
which said electric field fingerprint sensor compris- 
es: 



an array of electric field sensing electrodes; so 
a dielectric layer adjacent said electric field 
sensing electrodes, said dielectric layer for re- 
ceiving a finger adjacent thereto; 
drive means for applying an electric field drive 
signal to said electric field sensing electrodes 55 
and adjacent portions of the finger so that said 
electric field sensing electrodes produce a fin- 
gerprint image signal, including voltage clamp- 



er 



EP 0 789 334 A2 




EP 0 789 334 A2 




11 



EP 0 789 334 A2 




FIG. 8 



1 

i— 85 . 75 



30 



-83 




OUTPUT TO SIGNAL 
PROCESSING 



1 EXCITATION 74 
DRIVE 



FIG. 9 





-71 



FIG. 10 



15 



EP 0 789 334 A2 



30 




FIG. 14 FIG. 15 



13 



EP 0 789 334 A2 




FIG. 18 



14 



EP 0 789 334 A2 





15 



